Extreme weather is in the attention focus of many scientists and managers during the last decades. The leading aspect of these phenomena investigations in the recent years is the risk of material and human losses and damage mitigation. Especially, the interest is with regard to effects of weather extremities on natural systems and social processes such as land use practices, water resources management, emergency management, and planning. The main objectives of the investigations are clarifying of spectrum, space and time regularities of extreme weather events occurring in Ukraine as well as their intensity, duration, daily and seasonal variation, spreading, recurrence in the regions, and their changes analyzed. Applying statistical and geographical space-time analyses, the main regularities of the extreme weather events' occurrence have been described as well as the trends and intensity of the extreme weather regime changes in Ukraine have been calculated and assessed.
Introduction
Weather event can be defined as extreme when it reaches a certain boundary value. In Ukraine, about 20 weather phenomena can be called as the extreme weather event. They are observed by the State Hydrometeorology Committee. These phenomena occur on the whole territory of Ukraine with different recurrence and intensity ( Table 1 ) [1] .
The duration, spreading, recurrence, and intensity of extreme weather events will increase during this century both globally and regionally [2] , and many practical problems require relevant information on extreme event changes. According to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [3] , the main effects of the regional climate changes due to the global warming are not only a significant increase in air temperature, in the heat waves, changes of thermal regime [4, 5] , precipitation structure, and an increase in the number of heavy precipitation [4] , but also an increase in the frequency and intensity of extreme weather events [2, 6, 7] and their effects like alteration of ecosystems, disruption of food production and water supply, damage to infrastructure and settlements, human mortality, and negative consequences for human well-being [3] . Losses from weather-related disasters have increased substantially in recent decades.
The scientists are still debating the best methods to account climate change in extreme weather value analysis. The wide range of available and applicable methods is presented in [2] . In Ukraine, the main definitions of the extreme weather events as well as the methods and instructions on their analysis and prediction are presented in [8, 9] .
The trends, scales, and intensity of climate and weather extremes changes are analyzed in global [4, 6] , regional [10] , and national [1, 7, 11] aspects. There are a few papers on the occurrence and spreading of the main weather extreme phenomena on different time periods [11] [12] [13] [14] . But since extreme weather is very unstable and changeable in space and time, it is necessary to complete and actualize existing knowledge base.
The climatologic information has been presented in our research according to administrative division by the regions, groups of the regions, and for Ukraine as a whole (Figure 1 ). Table 1 . Extreme weather phenomena and their occurrence in Ukraine and the amount of observation points where the phenomenon has been observed in 1986-2010 [1] .
To analyze the spectrum of the regularly observed extremely dangerous meteorological phenomena and to evaluate the long-term changes of their recurrence in Ukraine, two periods have been worked out. As the base, the period 1961 (1971)-1990 has been chosen, and as the recent one the period 1981-2010 has been worked out. The linear trends of the extreme weather events amount changes as well as tendencies of their intensity changes have been analyzed. The statistical significance of the linear trends has been assessed as well. Most of events recurrence was analyzed for a point of observations. Since extreme squalls, hails are characterized by poor recurrence in the observation point and spread on local areas; therefore, to evaluate the risk of these phenomena development and their space-time changes, the events amount was adjusted to 100 km 2 area (β-mesoscale).
Extreme weather events occurrence, characteristics, and changes

Heavy rain
In Ukraine, the rain becomes a dangerous weather event when it reaches 15-50 mm per 12 h (15-30 mm per 12 h for mud flow and erosion threat areas) and distress event when exceed 50 mm per 12 h (30 mm per 12 h for mud flow and erosion threat areas). Other extreme weather events are heavy rainfalls (>30 mm per hour) and long-continued rain (duration more than 1 day and precipitation is 100 mm and more) [8] .
The recurrence of all types of heavy rains has a good marked seasonal course. All rainfalls, 94% of heavy rains and 88% of long-continued rains, are observed in the warm period. The In Ukraine, heavy rains and rainfalls are observed annually, long-continued rains-two times per 3 years. The rains of 50 mm and more per 12 h and less are observed annually in all regions. Heavy rainfalls are observed every year in the southern, western, and central regions. Long-continued rains are observed every 3-4 years in the southern and western regions. In central and northern regions, they are observed every 6-8 years and are very rare in the eastern region. Heavy rainfalls are very local (on the territory of one or two administrative districts), but heavy and long-continued rains can occupy a few administrative regions especially in the West and South.
The recurrence of extreme rains is very changeable in space and time, but it decreases from the North and North West to South and South East. The highest recurrence (about two events in a station) is in Ivano-Frankivs'k and Transcarpathian regions in mountains (extreme rain reaches about 40 mm per 12 h in average and 100 mm and more as maximum). Also, a high recurrence (5-8 per 10 years in a station) is observed in Lviv, Ternopil, Chernivtsi regions, and Crimea, especially in the mountains and highlands (intensity is from 50 mm (average) to >150 mm (maximum) per 12 h). Rarely (less than one event per 10 years), extreme rains are observed in the North and North East (from 60 to 70 mm (average) to 100-130 mm (maximum) per 12 h). The recurrence of extreme rains depends also on the altitude. Events amount, duration, and intensity increase with altitude. At that, the amount of dangerous rains increases faster than distress ones. The altitude 500-700 m is most optimal for all types of extreme rain occurrence. The maximum of distress rains recurrence is observed in the Carpathians and Crimean Mountains. Another factor of recurrence is water surface. Above waters and coasts, the recurrence of extreme rains in spring and the start of summer is less than over land. In April and June, along the Black and Azov Sea shore, 25-35% of the extreme rains are observed. At the same time, at the distance of 100-150 km, this parameter is 35-50%.
The amount of extreme rain events in Ukraine changes every year. At that with the probability of 99% during the last 40 years , their recurrence increases. The amount of precipitation and its maximal sum also increase. These trends are characteristic almost for the whole territory of Ukraine but most marked trends are ascertained in the western, northern, and southern regions, especially in Ivano-Frankivs'k, Chernivtsi, Lviv, Rivne, Kherson, and Kropyvnyts'kyi administrative regions ( Table 2 . Linear trend coefficient (α) and its significance (p) of recurrence (amount of events) and the intensity (average and maximal) of the extreme rains in observation point in Ukraine and its regions.
Dniptopetrovs'k and Vinnytsia regions, there is a weak tendency to decrease the recurrence and intensity. In the South and Center, the distress rains intensity has significantly increased.
The most noticeable changes of the recurrence and intensity of extreme rains in warm period are observed from the end of twentieth-the start of the twenty-first centuries (Figure 2) . The changes are caused by an average troposphere temperature increase, humidity increase, and the intensification of convection and rain-forming processes [11] . Another significant cause of these changes is transformation of atmosphere circulation reflected in increasing of meridional processes in cyclones forming, changes of regions of cyclones forming, their moving trajectory and intensity.
Heavy snowfalls
In Ukraine, the snowfall becomes extreme weather event when precipitation sum reaches 20 mm per 12 h and less. Such snowfalls cause disturbance in the economy, transport, communications, and avalanches activization. The most dangerous is combining heavy snowfalls with freeze and strong wind.
In Ukraine, 85% of heavy snowfalls are characterized by an average precipitation of 20-30 mm per 12 h and are observed almost in all regions. The exclusion is mountain areas of the Carpathians and Crimea, Zaporizhzhia, Dnipro, Kyiv, and Sumy regions, where snowfalls are characterized by a higher intensity. The maximal precipitation on the plain territory of Ukraine can reach 40 mm, in the mountains-100 mm and more. The absolute maximum in the period of 1971-2010 has been observed 14-15.02.1997 on the Ay-Petri Mountain (132 mm).
Heavy snowfalls in Ukraine usually occur in the period October-April, but are possible in September and May as well (1966, 1989, 1991, 1992) . Their recurrence has a good marked seasonal course. They are observed usually in winter (62%) and reach a maximum in January.
In spring, about 22% and in autumn almost 14% of extreme snowfalls are observed. Heavy snowfalls are formed in night and morning hours as usual.
The average duration of extreme snowfalls varies from 9 to 12 h. The most long-continued snowfalls are observed in the West, the shortest duration in the South. The minimal duration is 1-2 h. The absolute minimum has been fixed 15.03.1998 on the Ay-Petri Mountain (0.9 h) with 21-mm precipitation. The longest duration snowfalls are observed in autumn and spring, the shortest duration in January. 
Extreme Weather
In Ukraine, the extreme snowfalls are observed almost every year. Such a recurrence is typical for southern and western regions. In the North, they are observed once per 2 years, and in the East once per 4-5 years. Most often, heavy snowfalls in observation point are fixed in Ivano-Frankivs'k and Transcarpathian regions (two to four events per 10 years), a maximum in Carpathian (1-2 per decade) and Crimean Mountains. Noticeable recurrence (5-8 events per 100 years in meteostation) is observed also on the Volynian-Podolian Highland, in Ternopil, Khmelnyts'kyi, Zhytomyr, Vinnytsia, and Kropyvnyts'kyi regions. Less occurrence is characteristic for the Black Sea Lowland and Azov Highland, in Zaporizhzhia, Mykolaiv, Donets'k, and Dnipro regions. The least recurrence is observed on western and southern slopes of the Middle-Rus' Highland, in Sumy, Kharkiv, Luhans'k regions (two events per 100 years in meteostation).
Usually, the highest intensity of extreme snowfalls is characteristic for those regions which are characterized by a highest recurrence. In the Ukrainian Carpathians, during extreme snowfalls, the intensity is about 26-30 mm per 12 h in average and more than 100 mm per 12 h maximum. In the Crimean Mountains, the average intensity is 22-23 mm and maximal can reach 80 and more per 12 h. In the Black Sea Lowland and Azov Upland, in Zaporizhzhia, Mykolaiv, Donets'k, Dnipro, and Odesa regions, the average intensity of snowfalls is 24-25 mm and the maximal is 38 mm per 12 h. Less intensity is observed on the western and southern slopes of the Middle-Rus' Highland, in Sumy, Kharkiv, and Luhans'k regions, where heavy snowfalls occupy smaller areas. The least intensity is observed in the North-Western part of Ukraine, in Polissia.
In 1970s, a stable decrease of extreme snowfalls amount has been observed. The minimum has been reached in the middle of 1990s. Since the end of the twentieth century, recurrence and intensity started to increase and continue until now. The regional features of these changes are presented in Table 3 and Figure 3 .
With 99% of probability (p ≤ 0.01), we can say about a significant increase of extreme snowfalls amount in Ukraine. The intensity of increase equals four events per 10 years in the observation point. At that, largest changes are observed in the South, East, and West, where recurrence and intensity (especially maximal one) during snowfall increased. The Biggest changes concern the Ukrainian Carpathians and Crimean Mountains.
In the central regions, the amount of snowfalls has not changed noticeably except Kropyvnyts'kyi and Cherkasy regions where the increase is 10-15%. Decreasing of recurrence is most noticeable in Lviv and Ternopil regions and a little less in the northern regions except Chernihiv. The intensity has been decreased significantly in the North, Lviv, and Ternopil regions as well during 1971-2010. These decreases reach 5-7 mm per decade with 99% probability ( Table 3) . During the last 40 years, the locality of extreme snowfalls is changed due to a decrease of recurrence and intensity within the Volynian-Podolian Highland and a noticeable increase of these parameters in Black Sea Lowland and Azov Highland.
Glazed frost
Glazed frost is a layer of suffused or transparent risen on the objects due to the freezing of rain drops frizzle or fog. The intensity of glazed frost is defined by the thickness of the ice layer, the velocity of the ice layer rising per time unit, and the duration of the phenomenon. In Ukraine, the glazed frost becomes a dangerous event when the ice layer thickness is 6-19 mm and distress when it exceeds 20 mm [2] . Such events cause damage and losses in the energy, transport, communications, domestic economy, and so on. Glazed frost with a thickness of more than 20 mm in Ukraine is observed from October to April with two maximums: November and February-March. Extreme-gazed frost occurs in morning (3-6) and evening hours (16-20) [8] . Table 3 . Linear trend coefficient (α) and its significance (p) of recurrence (amount of events) and the intensity (average and maximal) of the extreme snowfalls in observation point in Ukraine and its regions in 1971-2010.
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The average thickness of dangerous glazed frost ice layer varies between 9 and 17 mm, of the distress one-between 20 and 60 mm. This thickness dominates almost in all regions except north-western regions where it does not exceed 10 and 40 mm accordingly. Ice sediments of more than 100 mm are observed very rare, advantageously in the Crimea, and amount 1% of events. But there are events with the ice sediment thickness more than 200 mm. In November-December 2000, the ice sediments of 207 mm have been fixed in Zatyshshia village (Odesa region) and 307 mm in Karabi-Yayla (Crimea) in March 1977. Distress glazed frost is characterized by the high intensity. In 50% of the events, it amounts 1.1-2.0 mm per hour. In the Ay-Petri (Crimea), it reaches 5 mm per hour and more [11] .
The overall duration of glazed frost in Ukraine fluctuates between a few hours and a few days and amounts about 60 h in average. The maximal duration can reach 100-200 h and even more. Usually, it is observed in the central and south-western regions. Most often (54%), ice deposits of more than 20 mm maintain less than 24 h. About 70% of the glazed frost events continue up to 2 days. Very rarely, extreme glazed frost can continue more than 1 week. For example, in November 2000, in Zhmerynka city (Vinnytsia region), the glazed frost has continued 250 h, in Vinnytsia city 282 h. The most long-continued extreme glazed frost maintains in November and February in the East and South-East.
The spatial occurrence of the extreme glazed frost is characterized by significant inequality. The highest recurrence (5-9 events per 10 years in observation point) of dangerous glazed frost with ice thickness more than 6 mm is observed in the East and South-East of Ukraine, especially within the Donets'k Range and the Azov Highland. The distress glazed frost with more than 20-mm ice layer in these regions is observed once per 3-5 years. The average ice layer thickness amounts to 10-12 mm, the maximum can reach 70 mm and more. A significant recurrence of extreme glazed frost (3-8 events per decade) is observed in the central part of the Black Sea Lowland and in the eastern part of the Dnipro Highland. These regions are characterized also by a highest intensity of extreme glazed frost. The average thickness changes between 10 and 17 mm, the maximal one can reach 200 mm and more. Such parameters are caused by the main course of the southern and south-western cyclones moving through these regions and the strong frontal glazed frost forming with high intensity. Distress glazed frost (more than 20 mm) in these regions is observed every 5-10 years and can occupy more than two administrative districts. A much less recurrence (2-3 times per decade in meteostation) is characteristic for the slopes of Volynian-Podolian Highland and Ukrainian Carpathians. The average ice layer amounts to 9-11 mm, the maximal value can reach 60 mm and more. Table 4 . Linear trend coefficient (α) and its significance (p) of recurrence (amount of events) and the ice deposit thickness (average and maximal) of the extreme glazed frost in observation point in Ukraine and its regions in 1971-2010.
Extreme Weather
The least recurrence (1-2 times per decade in the point) of extreme glazed frost is observed in Polissia Lowland. Here, the phenomena are with the least intensity and the average ice layer between 8 and 10 mm and the maximal value of 23-34 mm.
Since extreme glazed frost belongs to weather phenomena which are characterized by least recurrence, to evaluate the long-term changes, both kinds of glazed frost (dangerous and distress) were analyzed. With the 85% probability, we can say about a decrease in extreme glazed frost recurrence since 1971 in the whole territory of Ukraine. The most significant decrease in recurrence and ice layer thickness is observed in the West ( Table 4 , Figure 4 ), especially noticeably in Lviv region (probability >95%). Volynian and Transcarpathian regions are excluded, where noticeable increase in both parameters is observed ( Table 4) . A noticeable decrease of the analyzed parameters is the characteristic for the central and southern regions as well. The most significant changes in these regions are observed in Poltava region and Crimea. A feeble decrease in recurrence and ice layer thickness is observed also in the northern and eastern regions ( Table 4) .
Soggy snow adhering
In Ukraine, the soggy snow adhering becomes a dangerous weather event when the thickness of deposits amounts to 11-34 mm and distress one when the thickness exceeds 35 mm. At that only in 6% of soggy snowfalls, the adhering process is observed [8] . The main parameter of this phenomenon is its diameter in mm. About 80% of the events amount to 35-60 mm, about 2% of events have a diameter of >100 mm. The most intensive adhering is observed in the western and southern regions, where events of 80 mm amount to >5%, in the northern regions 3%. The level of danger depends on the phenomenon duration. The average duration in Ukraine fluctuates from 14 to 19 h. The maximum varies from 2 days to a week and more. The longest soggy snow adhering is observed in the West of Ukraine. But absolute maximum was fixed in Olevs'k City (Zhytomyr region) 12.02.1983 (304 h).
Extreme soggy snow adhering with distress diameter occurs in October-April usually. Most often (about 70%), it is in December-February. About 20% of events arise in evening hours, from 18 to 21 o'clock. Soggy snow adhering in Ukraine is a very local phenomenon and occurs almost every year. The highest recurrence in observation point is characteristic for the West and South (2-3 times per year), especially on the south-west slopes of the Carpathians, in the Precarpathians and in the Crimea Mountains, where soggy snow adhering has a maximal average diameter of Because of low recurrence in one point of the phenomenon for the assessment of the longterm changes, both kinds of extreme soggy snow adhering (dangerous and distress) were analyzed. Analysis carried out has testified that in the period 1971-2010, the recurrence of soggy snow adhering and its diameter with 99% probability increased (Table 5, Figure 5 ) on 7-8 events in observation point for 10 years in average. The most significant increase of recurrence and diameter is observed in the North and East of Ukraine (Chernihiv, Sumy, Kharkiv regions). But increasing is characteristic not for the whole territory of Ukraine. A decrease is observed in the West, especially in Ivano-Frankivs'k region.
Compound (bedded) ice deposits
Compound ice deposits are ice layers formed on the object surface due to the sequential overlaying of different types of the ice which is caused by changeable weather conditions. The deposits consisted of glazed frost and dense snow-like friable atmospheric ice that are most dangerous. In Ukraine, such an event is dangerous when the compound ice deposits diameter is 11-34 mm and distress one when the diameter is >35 mm [8] . Such phenomena cause accident situations on the power engineering and communication lines, damage and losses in the transport, forestry, domestic economies, and so on. Compound ice deposits in Ukraine occur in the period from November to April (30% in December and 23% in January) in 6-9 o'clock in the morning and 18-20 o'clock in the evening. The diameter of the compound ice deposits is almost two times larger than the glazed frost. The average diameter fluctuates from 17 to 50 mm, the maximal one from 20 to 200 mm and more; 83% of the events have a diameter of <100 mm. In the West and South, this phenomenon is much more intensive. The share of >200 mm deposits is 2-7%. The total duration varies from a few hours to a few days and amounts to 40 h on average. The most long-continued compound ice deposits are in the western and southern regions. The maximal duration has been observed 27.11-5.12 2000 in Figure 5 . Changes of recurrence and snow deposits (diameter) of the extreme soggy snow-adhering events in Ukraine.
Blue columns-amount of events. Red line-average diameter, mm. Green line-maximal diameter, mm.
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Khmelnyts'kyi region (199 h) and 29.11-6.12 2000 in Chernivtsi region (Nova Ushytsia, 155 h). The highest recurrence (82%) is characteristic for the events continued less than 3 days, 56%-less than 24 h. The phenomena continued more than a week are very rare.
The highest amount of the events in one observation point is in the Transcarpathian, Donets'k, and Luhans'k regions--4-5 per 10 years (maximum on the south-west slopes of the Carpathians Table 6 . Linear trend coefficient (α) and its significance (p) of recurrence (amount of events) and the diameter (average and maximal) of the extreme compound ice deposits in observation point in Ukraine and its regions in 1971-2010.
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and Donets'k Range). Significant recurrence (1-2 per 10 years) is observed in the Crimean Mountains, Ivano-Frankivs'k, Ternopil, and Kropyvnyts'kyi regions. In the northern regions, the compound ice deposits have not been observed in the analyzed period.
Compound ice deposits of the distress diameter are observed almost every year in the Crimea (Karabi-Yayla) and the Carpathians (Play) and occupy usually (99%) one district. There, the events are characterized by maximal diameter and duration. The maximal amount of days with the event (17) has been observed in 1970 in the South of Ukraine.
Because of low recurrence, the compound ice deposits of >11 mm were analyzed to assess their changes. The recurrence and diameter of compound ice deposits of distress diameter has been noticeably decreased with 99% probability (Table 6 and Figure 6 ). Such trends are observed almost everywhere in Ukraine except the Kherson region. The most significant changes are observed in the northern and central regions, especially in the Chernihiv and Dnipro regions ( Table 6 and Figure 6 ).
Hail
In Ukraine, the hail belongs to a dangerous weather event, when its diameter is 6-20 mm and distress event, when its diameter exceeds 20 mm [8] . Most often (90%), the hail has a diameter of 20-50 mm. The hail of >50 mm diameter is observed very rare (6%) and in the southern regions usually. About 50% of events have a duration of 6-20 min. Hail continued more than an hour is observed very rarely. For example, on 22 July, 1987, in Sarat district of Odesa region, the hail has continued for 2 h 40 min and was a walnut size. Long-continued hail is observed in summer period usually and its duration in the mountain regions is higher than on the plains. The hail has a good marked daily variation with the maximum at 15-18 o'clock. In Ukraine, the extreme hail is observed in warm period usually. The recurrence of the extreme hail has also a good marked seasonal regime: maximum (70% occurrence) is observed in June and July. In spring and autumn, the extreme hail is rare. Mountain areas are characterized by a higher recurrence than plain.
From two to four events of distress, hail can be observed on 100 km 2 area for a 40-year period in Ukraine. Such hail can damage about 1-2% of agricultural areas. Within the whole territory of Ukraine, these processes occur every year. The highest recurrence of distress hail is observed in the western regions (Transcarpathian, Ivano-Frankivs'k, and Ternopil) and the Crimea, where 6-7 distress hail events are observed on the 100 km 2 area for 40 years. The average diameter of the distress hail here varies from 23 to 29 mm, the maximum reaches 400 mm. Such hail can damage up to 20% of agricultural areas [11] . Southern slopes of the Volynian-Podolian, Dnipro, and Donets'k Highlands, which are opened for southern and Table 7 . Linear trend coefficient (α) and its significance (p) of recurrence (amount of events per 100 km 2 per year) and the diameter (average and maximal) of the dangerous and distress hail in Ukraine and its regions in 1971-2010.
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south-western wet air masses, also are characterized by a significant distress hail recurrence (3-4 events per 100 km 2 per 40 years). But the hail intensity there is highest than in the West: the average diameter is 29-39 mm, and the maximum reaches 97 mm. The most dangerous in this aspect is the Bashtan district of Mykolaiv region, where not only the hail is very intensive but also other convective phenomena: squalls, storms, and spouts.
During the last decades, the tendency of the extreme hail recurrence increasing is observed in Ukraine. At that, the amount of hail with >6 mm diameter increases significantly, but with >20 mm it is not changed (Table 7, Figure 7) . These changes were noticeably intensified since the end of the twentieth century because of convection processes intensity increase [11] .
Some intensifying of the hail processes is observed in the Kropyvnyts'kyi, Dnipro, Kherson, and Mykolaiv regions where both recurrence and diameters of the hail have been increased. The average and maximal diameter has been increased also in the Crimea and Zaporizhzhia and Sumy region ( Table 7) .
Squalls
Among the dangerous weather phenomena of warm period, the share of squalls is not significant but the largest damages are caused by extreme squalls. In Ukraine, the squall with a wind velocity of 15-25 m/s is dangerous, with >25 m/s is distress. The extreme squalls in Ukraine have a good marked seasonal recurrence. Most often (60%), they rise in June and July, 14% of events are observed in spring, about 7% in autumn, and about 3% in winter. Squalls have beaded daily variation with the maximum in the afternoon and evening hours (60% of events). The amount of the extreme squalls in Ukraine during the last decades has been increased. In the western and eastern regions, an increasing recurrence is accompanied by a significant increase in the squall intensity (average and maximal wind velocity). The same tendencies are representative for the Transcarpathian, Chernivtsi, Khmelnyts'kyi, Dnipro, Mykolaiv, and Crimea regions (Table 8, Figure 8 ).
Snowstorms
The snowstorms with a wind velocity of >15 m/s and a duration of >12 h are classified as distress in Ukraine [8] . Snowstorm recurrence has a good marked yearly variation. The most intensive and longcontinued snow-storms are observed from October to April with a maximum in February (40.4%) and January (26.7%). About 12% of the events are observed in spring and 6% in autumn. Strong snowstorms can be observed any time of a day. Usually, they occupy a few administrative districts, but sometimes, they can occupy the area of a few regions. The snowstorms in Ukraine are observed almost every year. The highest recurrence is representative in the West, especially in the Ivano-Frankivs'k and Transcarpathian regions (2-9 events per 10 years), where the snowstorms have the highest wind velocity and duration. A significant recurrence is observed also in the southern and south-eastern regions. In the northern and central regions, the recurrence amounts 1-3 events per 10 years.
The snowstorm recurrence intensity decreases in Ukraine. The most significant changes are observed in the southern and northern regions, where recurrence and wind velocity have been decreased with 95% probability. At the same time, in the Ivano-Frankivs'k and Transcarpathian regions, especially in the mountains, the recurrence and wind velocity noticeably increase.
Conclusions
During 1971-2010, in Ukraine, the significant changes of the extreme weather phenomena recurrence and intensity have been observed which are caused by the meteorological preconditions of their forming, atmosphere circulation, and thermal regime changes.
In many regions of Ukraine, there is a trend of the rains and soggy snow recurrence increasing which has caused an increase of extreme soggy snow-adhering events amount. At the same time, the recurrence of the dangerous and distress glazed frost and compound ice deposits decreased. But since the start of the twenty-first century, an increase of these phenomena is observed.
During the last 40 years, also recurrence and intensity of the heavy snowfalls has been significantly increased. Also, the spatial occurrence of this phenomenon changed. In 1971-1990, the heaviest snowfalls occurred in the western and north-western regions, but during the last decades, the recurrence and intensity in these regions has decreased, simultaneously in the southern and south-eastern regions, they have been noticeably increased.
The air temperature, especially the maximal one in the warm period and air humidity increase, has caused convection intensification in Ukraine and unstability of the atmosphere. Due to such changes, the amount and intensity of the dangerous and distress rains, squalls and hail have increased.
Changes of macro-and mesoscale circulation in the second half of the twentieth century in the northern hemisphere have caused a decrease in strong baric gradient events which conditioned strong and long-continued winds. As a result, the recurrence of not only strong winds but also strong snowstorms and sand storms has been decreased.
The ascertained tendencies have regional specialties caused by the changes of their forming preconditions in these regions.
The next research consists in the assessment of the possible regional changes of extreme weather events for different scenario of the climate change, society development, and green gas emissions as well as social-ecological and socioeconomical effects of these changes.
